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The desired data to understand fission,
delayed radiation
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The desired data to understand fission,
delayed radiation

probability
A s 0561 7 47E-11
” Wc2E2  763E12
S Pez4E3  779E13
S Mc47E4 795614 T
= Pss1E-5  812E415 e
= B 74E-6 | B.28E-16 .
= s 55E-7 8.46E-17
£ 7038 [P863E-18 7=82
= 71769 [P B1E19 : 5 :
™ 7.326-10 [J9.00E-20 __|F /
7.476-11 [o18E-21 i
unknown Basically have
Fission cross section
some A distributions
Some frag. distributions N,Z
os T for thermal, fast, 14 MeV n
2:2.0 . . .
Want N,Z distributions,
=8 fragment cross sections,
over range of En
N=§ |




Motivation — fission theory
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235 numbers from England and Rider via http://ie.lbl.gov/fission.html

Yield varies with fission target, energy. Need data to work back to fission preformation states.
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Motivation — active interrogation
Delayed signal from 3, f(n) decay

Delayed radiation:
Beta decay, gamma emission, some neutron emission
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The plan: Measure fission fragments vs. N energy, event by event
Pulsed P beam on N convertor
N on fission target

Neutron Time Of Flight to fission target gives En

Secondary Fission target

neutrons

Pulsed
proton beam
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Method, E-v spectrometer

TOF followed by lonization Chamber: TOF-IC
A, Z, E measurements

v: TOF
E: lonization chamber
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Z: lonization chamber rewiring and analysis, will describe

N: AandZ=-> N

Moving towards dual arm for UNM Fission Fragment Spectrometer: get TKE, v



Mass Resolution Requirements

light fragments
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Interplay of variables
L good, for 1 m need < 7mm
really depends on E and t
absolute max
need OE/E < 0.7%
need O0t/t < 0.35%

light fragment mass (amu)
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lonization Chamber
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Overview of Instrumentation
Time-of-Flight
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Overview of Instrumentation
lonization Chamber
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ionization chamber alpha particle spectrum

Designs following Oed et al.
NIM 205 (1983) 455-459
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TOF

Counts
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Recent Characterization Results
lonization Chamber

239Pu + 22Cf alphas
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Recent Characterization Results
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Time Of Flight

Alphas 63 and 68 ns, 0.7% resolution
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Changing to 20 ug C foils, lower straggling
especially for fragments - higher Z

- improve TOF resolution
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Recent Characterization Results
Time Of Flight
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Next Steps

Correlated TOF/KE data = extract mass distribution

Improve Resolution:

— Thinner TOF foils = less t straggling
e from 100 to 20 ug C foils

— Thinner IC window -2 less E straggling
* switched to 1.5 um mylar (from 2.5)
* will change to 0.2 um SiN

Z information from lonization Chamber
will have A,Z,N, KE

Dual arm: direct measurement of TKE, v
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Energy Loss (eV/Angstrom)

Channels of Shaping Time of 0.5usec

/ determination - Bragg curve analysis
(> 1MeV/amu, light fragments)
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Energy Loss (eV/Angstrom) Energy Loss (eV/Angstrom)

Energy Loss (eV/Angstrom)
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Range follows Bethe formula
Z, v (thus E, m) dependent

SRIM calc. fission fragments (300 torr P-10)
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/Z determination - Active Cathode

(>0.5 I\/IeV/amu light and heavy)
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Counts
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Summary

Prototyped Fission Fragment Spectrometer
— TOF

— lonization Chamber
— Tested with Cf at UNM, n+23°U at LANSCE

Correlating TOF and KE for mass spectra
Improving resolution

lonization Chamber tests for Z determination

— Bragg spectroscopy
— Active Cathode

Implementing Z determination in full TOF/IC spectrometer
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